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Vapour phase acetylation of refined linter by acetic anhydride 
By 
Iichiro KIDO, Hidehiko KITA JI MA 
(Department of Textile and Dyestuff Chemistry) 
1. Preface 
(I) 
On the vapour phase acetylation of cellulose, Mr. Taniguchi first, thereafter Mr. Sakurada, 
(::) 
particullarly about staple fibers and rayons, has given detailed reports. 
Now, it is known that the acetylation reactivity of natural cellulose is different from it of 
(:;, 
regenerated cellulose and the latter case needs SOIne water presenoe. We have found in this 
research that in the fonner Gase (rdined linter) no water presence is necessary, therefore 
consumption of acetic anhydride is minimum and theoretical, moreover troublesome pretreatment 
unnecessary, and far less amount of H2 S04 catalyser wiil do compared with the liquid phase 
acetylation. 
In this research the reaction was carried out, for example, at 70GC for 10 Ius, in presence of 
0.3% H2 S04 catalyser and sextuple alllount of acetic anhydride as much as linter. The linter 
was acetylated to perfectly chloroform-soluble primary acetate in fibrous state. 
We experimented principally the reaction velocities influenced by temperature, H2 S04 and 
linter amount, and call1culated the heat energy of activation from. the found velocity constants. 
2. Method of experiiment 
As pretreatment, 1.5g refined iinter is dipped in diL a(l' slllphuric acid solution of variuus 
concentrations at room temperature of 2;'° ",:JO"C for 24 Ius., pressed to twice weight as much as 
the linter, loosened, air-dried by dry air current, and preserved in dessicator of 6[)% humidity. 
Its water content is ca. 6%. In acetic acid solution of H2 S01 cel1ulose adsorbs H2 S04 but in 
(-I) 
aq. solution does not. The % of retained H2 S04 to weight of the pretreated linter is same as 
the % concentra.tion of H2 S04 in the pretre~lting liquid, for the pressed iinter contains equal 
amount of liquid to linter. The pretreated linter is acetylated on glass fiber in a wide.rnouthed 
bottle of 250 cc capacity and 2;")Og weight which hold lOcc ~tcetic anhydride in the b:Jttom. The 
bottles are keeped in a electrical air oven at any constant temperature C±2°C). Fvery some 
hours one by one bottle is taken out and its acetylated linter washed by water, stabilized by 
boiling water, dried at (HfC, and then its acetic acid value is determined by the cllstomary 
alkali method. Acetylation degree of a cellulose acetate is shown by number of acetylated OHs 
.5) 
in IOO OHs of cellulose, which can be found by the table from the acetic acid value. 
As ullsuitable amount of H2 SU4 in the pretreated linter brings out its colouring or carbon-
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ization, the maximum amount is to be present for each temperature. 
3. Results and its considerations 
(1) Influence of acetic anhydride amount against linter. 
l..5g of the pretreated linter containing 0.3% H2 S04 was acetylated at 70°C for 8 hrs in 
presence of various amounts of acetic anhydride. The results are shown in Table 1. 
It is seen that when acetic anhydride is 
twice as much as linter amount the acety-
lation is not complete, but in cases of over 
quadruple it is complete and constant. The-
refore, throughout this research sextuple 
amollnt of acetic anhydride was used. 
Table 1. 
Ac20 : Linter ( Weights) 4 _6--,_8_1 10 1 20 
AeOn (%) \51.1 \60.6162.0 162.2163.9160.8 
2 
Acetylation of one 11101 cellulose generates 3 11101s acetic acid but this is absorbed in the 
liquid phase of acetic anhydride and as its dilution by the acetic acid is small the reaction 
proceeds constantly and smoothly. 
(2) Influence of linter amount in the reaction vessel. 
As the amount of acetic anhydride vapour in a reaction vessel is constant at any temperatllre, 
its consumption by acetylation varies according to linter amount. The vapour can be supplied 
from the liquid phase, but the supply velocity is settled by ability of the oven and heat· capJ.city 
of the vessel etc. If these conditions are fixed the acetylation velocity varies chiefly with linter 
amount at any temperature. 
It was experimented that the amount of pretreated linter containing 0.8% Hz S04 is varied 
from O. fig to 2. 5g and their acetylation carried out at 70°C for .5 hrs in presence of 15 cc acetic 
anhydride. Their acetylation degrees are shown in Table 2 and Fig. 1. 
Table 2. 
Linte' amo',"' (g) 1 0.5 L~J_l~.512~1. 2.5_ 
--::-c~t~c acid "lce(%;T 6~ 1 56.2 1 54.6 1 50.7 1 42.7 
~-::I=::'~~%) r;;~ 1 ~·;T;9.5 T70~ [54:;-1 
It is seen that in proportion to linter amount the acetyla-
tion degrees decrease almost linearly, namely that linter 
amount has an great influence upon the acetylation velocity. 
(3) Influence of linter moisture. 
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Fig 1. 
One sample of O.5g pretreated linter containing 0.3% H 2S04 is keeped in a dessicator of 
8(-;% aq. sulphuric acid (()i)'~ R. H.) and another sample in a dessicator of Ca CI2 for sufficient 
time. The datas and curves of their acetylation velocities at 7(lC are shown in Table :; and 
Fig. 2. In the table t shows the reaction time in hour, AcOH the acetic acid value, x the 
acetylation degree. 
It is seen that the CaCl2-dried sample reacts more slowly than the moisted. 
(4) Influence of II;! S04 amount contained in pretreated linter. 
Table 3. 
AcOH 22.2 54.0 
x 23.7 78.1 
log t 0 0.30 







































H 2S04-content of pretreated linter is varied from 0 to 0.7% and acetylation carried out at 
7()°C. The datas and curves of their acetylation velocities are shown in Table ·1 and Fig. :~. In 
Fig.:{ the abscissa is the reaction time t in hour and the ordinate the acetylation degree x in %. 
Table 4. 
70°C, 0.7% H!!SO'J' 1.5g linter 
=~_-~~~- 1 --I. 2 _, 3--,- 4 i 6 , 8 
AcOH 14.5 30.3138.4 42.1 58.5162.5 
14.5 34.6 i 47.3 53.7 90.2 101.2 
log t o 0.30 i 0.48 0.60 0.78 0.90 






















I _ ~ , 4 I 6 I 8 I 10 I 12 
AcOH 33.4 42.6 55.1 59.0 61.9 63.1 
x 39.3 54.6 80.7 90.5 98.3 101.8 
log t 0.30 0.60 0.78 0.9J 1.00 1.03 





Tabk 4. -f!lllowed 






























17.1 27.6 38.5 46.7-r4;~lr47.3-
17.5 30.8 47.5 62.4 59.4 63.6 
0.30 0.60 0.78 0.90 1.00 1.08 
1. 24 1. 49 1. 68 1. 80 1. 77 1. 80 
3.6 7.8 8.9 10.8 14.4 13.4 
3.3 7.4 8.5 10.5 14.4 13.3 
0.30 0.60 0.78 0.90 1.00 1.08 
I 
1 0 .52 0.S7 I 0.93 1.02 1.16 1.12 
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Table 4-followed 0·3% 
_________  __ ~ ___ I _~ __ J __ ~_J__==__ 
QOS% 
AeOH 2.1 3.3 3.3 3.9 
x 1.9 3.1 3.1 3.6 
log t 0.48 0.78 0.95 1.08 
log x 0.28 0.49 0.49 0.56 
____ --''--- 0.01% 
~~~~F=~~~F=~~~~O'OO% K' 0 ~ 
Reaction. tim.e (Ms) 
Fig 3. 
It is seen that the acetylation velocity increases with H 2S04 amount and in the range of 0.1 
.-0.7% the reaction velocities are substantially constant at 7(fe. 
Now, if logt-logx is plotted, it becomes nearly linear as seen in Fig. 4. 
That is to say. these straight lines express the next for- 2.0 
mula : 
logx= logk+mlog t 
where k and 1Jl are constants. 
Intersections of the ordinate with these lines are logk 
for each H 2S04 amount. Then. the reaction velocity follows 
(6) 
the formula : x=kr, i. e. Mr. Sakurada's formula. 
If the above-mentioned results are considered theoretica-
lly, it is as follows that the acetylation velocity is determin-









of acetic anhydride vapour, and the former is affected chiefly by H 2S04 amount and temperature, 
the latter by linter amount and temperature ; therefore the velocity reachs maximum at some 
(7) 
H 2S04 amount corresponding to each temperature and after that the reaction temperature or 
linter amount must be changed to increase the velocity. 
The reaction velocities of other temperatures than 7(tC, i. e. 80°, 600 , 5(t and ,JOoe are shown 
in Table [) and Fig. 5. 
Table 5. 
AeOH 1140.3145.8158.7 
x 50.5 60. 7 I 89.7 
log t II 0.30 I 0.60 0.78 
log x 1. 70 1.78 j 1.95 
8 I 10 I 12 
58.5 60.2 61.6 
89.2 93.7 97. 5 
0.90 1.00 1.08 







Table 5. -followed 
60°C, 1% H 2SO,J, 1.5g linter 
I 0 I 2 I 4 I 6 I 8 I 10 I 12 
38.51 40.5! 51.4 54.6 
----i--
19.0 60.9 63.0 





0.90 1'.00 1.08 
1.29 1. 68
1 
1. 7111. 85, 1. 90 1.93 2.01 
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Table 5. -followed 
60°C, 0.5% H 2S04 , 1.5g linter 
--~--------------~-- ---- ------~~-
t I 1 I 2 I 4 I 6 I 8 I 10 
~-
I 
31.5 i 41.8 AeOH I 10.0 15.7 49.8 50.6 
x 9.7 15.9 36.3 i 53.1 68.8 70.5 
log t 0 0.30 0.60 10.78 0.90 1.00 
log x 1.00 1.20 1.56 1. 73 1.84 1.85 
--~I -2-i~-1-6-1~- 8-r~io--1 12 
- AcO~~~ 33.1 r~~~~~;.~-~~.;-~-~~ 
x 16.6 38.8 38.8 52.8148.0 59.4 
log t 0.30 0.60 0.78 0.90 1.00 1. 08 
log x 1.22 1.59 1.59 1. 72 11.68 11. 77 
50°C, 4% H2SO'l> 1.5g linter 
I I I I 
I 




AeOH 12.2 21.6 28.0 i 46.0 51.2 
x 12.0 22.9 31.4 61.1 71.8 
log t 0.30 0.60 0.78 0.90 1.03 
log x 1.08 1.36 1.50 1.79 1.85 
50°C, 2% H2SO.J, 1.5g linter 
-~l-o I 2 I 4 I 6 1--S-Tlo-r-12 
7c;;I 22.9 ;;;.31 28. f~9. 9
1





49.8i 46.1 72.0 79.3 




0.90 1.00 1.08 
log x 11.39 1.46 1.5111.70, 1.66 1.86 1.90 
Table 5-folJowed 
50°C, 0.5% H 2SO.j, 1.5g Jinter 
----------
-
t I 1 I 2 I 4 I 6 I 8 I 10 
AeOH 6.5 16.0 26.6 30.4 34.6145.~ . 
x 6.1 16.2 29.4 34.8 41.1 59.9 
log t 0 0.30 I 0.60 0.78 0.90 11.00 
log x 0.79 1.21 1.47 1.54 1.61 1. 78 






6.4 I 6.4 
0.30 I 0.60 
0.81 I 0.81 
13.5 18.0 20.8 23.2 
13.4 18.5 21.9 25.0 
O. 78 0 . 90 1. 00 1. 08 
1.13 1.27 1.34 1.40 
I 
40°C, 0.5% H:!SO" ,1.5g linter 
~--.~~---
I t I 2 I __ ~ ___ I ~_ 8 L_~O ___ I __ ~~~ _ 
--
~-
AeOH 3.6 12.8 14.5 18.9 23.0 26.1 
x 3.3 12.7 14.5 19.6 24.7 28.7 
log t 0.30 0.60 0.78 0.90 1.00 1.08 
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Fig 5. 
I 
At 60°C the velocity increases slightly in the range of O. 1-1 % H 2S04 , at 50°C it takes 
maximum in the range of 0.5-4% H 2S04 , at 40°C O.fJ% and ()% H 2S04 have almost same 
velocities.. These curves show that if H 2S04 amount is same the higher the temperat\lTe the 
more the reaction velocity increase. \Vhen the velocity is small the curve is almost linear and 
as it increases the curve becomes convex and quadratic. They correspond respectively x = kt 
and x = kim. Their log! -log.X' plotted, they are also nearly straight as seen in Fig. (j. 
(5) Calculation of the hea.t energy of activation. 
In Table. () the relations between H 2S01 % and logk for each temperature are shown. In 
Table 7 the respective values of logk for 0.1% and O.fJ% H2 S04 corresponding temperature 
change are shown. 
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Table 6. 
Temp·1H,SO,%110gk I Temp. IH,SO, %1 Jogk 
-------~-~--------~-
80° 0.1 1.6 60° 0.1 1.0 
70° 0.00 0.0 60° 0.5 1.15 
70° 0.01 0.4 60° 1.0 1.3 
70° 0.05 1.0 50° 0.5 0.85 
70° 0.1 1.3 50° 2.0 1.2 
£12. ----40· 
70° 0.3 1.35 SOo 4.0 0.8 
I 
0.2 QII- Q6 0.8 M 12 
70° 0.5 1.4 40° 0.5 0.5 c1:oJ t 
70° 0.7 1.3 40° 6.0 0.4 Fig 6. 
When logk is plotted against l/T 
it becomes a straight line inversely 
inc lined. Therefore the heat energy· 
of activation (A) per mol OR can 
be calculated by the Arrhenius' equat-
ion. 







80° I 70° I 
1.6 I 1.3 I 
I 1.4 I 
A=4 . .574xC1.6-1.0)/(0.0030-0.0028)~1:j, 700 cal/mol OR 
In the case of 0.5% H 2S04 , 











Both values agree very good and as mean in the range of 0.1--0 . .5 % R 28o.a the heat energy 
of activation is 14 Kcal. This value also agrees with those of the authorities, i. e. 14 Kcal of 
(S) (.) 
Hess and Trogus and 14.9 Kcal of Mr. Sakurada. 
It is understood that hoth vapour and liquid phase acetylation proceed with the same mech-
anism so far as the heat energy of activation concerns. 
4. Summary 
We could prepare perfectly chloroform·soluble primary acetate in fibrous state by vapour 
phase acetylation of linter with acetic anhydride, where pretreatment of cellulose is very simple 
compared with liquid phase methods, i. e. dipping in dil. aq. sulphuric acid solution, pressing, 
and air.drying. Other merits of this method are that it is enough with H 2S04 amount only 
lho""~~o against the liquid phase methods and so very stable acetate may be obtained and that 
consumption of acetic anhydride is no more than nearly theoreticaL This is very important to 
industrial purpose. We researched this reaction kinetically and found that 1-:T2804 catalyses ·chiefly 
the esterification of OB in cellulose and both temperature and linter amount affect chiefly the 
diffusion velocity of acetic anhydride vapour. The reaction velocity follows the Sakurada's 
formula x = kt'n and from k-values for several temperatures the heat energy of activation was 
calculated as 14 kcal, which agrees very good with those of the :.wthorities. 
Finally we thank the Education Department for the researching expenses, NIr. Sakurada and 
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JP. 
Ueber die Analysen der Fachbildungsbewegung am mechanischen Webstuhle. 
von Satoo KIMURA, 
a. o. Professor, Fukui Universitaet, Japan. 
Zusamrnenfassung : 
Dureh die genauen Analysen der FachbiIdllngsbewegung ~;ollen die Fachbildegetriebe hezuegIieh ihrer Anor-
dnung und vVirkungsweise, sowie ihres speziellen technologischen Charakters, etwas theoretisch und versuchsweise 
naecher untersucht werden. Behufs Gewinnung einer allgemeinen Grundlage fuer ihre Beurteilung erscheint 
es daher zweckmaeszig, zunaechst die technologische Aufgabe der Fachbildung selbst schaerfer zu ptaezisieren 
und insbesondere auch ihren Zusammenhang mit del' Arbeitstaetigkeit des Webstuhles im allgemeinen. 
Endlich ist es noch, um einen WelJ'ltnhl moeglichst zweckmaeszig zu entwerfen, Zll beruecksichtigen, dasz 
wir auch beim vVeben mit chemisehen Fasern ueber die EinsteIlnng znr Verfllegnng gestellt werden rnnessen. 
,\Vird zu diesem Zwecke durch die Festlegung der technologischen Aufgabe des Fachbildegetriebes eine 
Grundlage fuel' die Beurteilllng seiner Arbeitsfnehrung geschaffen, so lassen sich anderseits aus der KlarsteIlung 
del" Inanspruchnahme, denen das K(~ttenmaterial dUl"ch den Fachbildeprozesz ausgesetzt 1st und aus clem hierbei 
auftretenclen Kraft- und Arbeitsbedarfe Schluesse auf die praktische Auswertungsfaehigkeit hinsichtlich des 
Arbeitsglltes ziehen, die gleicherweise ein wichtiges Moment fuer die Beurteilung bieten. 
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